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1. 

AERODYNAMIC BRAKING DEVICE FOR 
AIRCRAFT 

FIELD OF THE INVENTION 

The present invention relates to the in-flight control of 
aircraft and, more particularly, to aerodynamic brakes for 
reducing airspeed. 

BACKGROUND 

The design of in-flight control systems for modern high 
speed aircraft, particularly jet aircraft, may require deploy 
ment of one or more braking panels into the air stream to 
increase drag and reduce airspeed. Aerodynamic braking is 
particularly important in a rapid descent or to increase the 
angle of approach without increasing the aircraft speed. Brak 
ing panels may also, under some circumstances, be deployed 
just after touchdown to slow the aircraft initially to the point 
where wheel brakes can be safely applied. 

Conventionally, brake panels are hingedly secured to the 
fuselage at their upstream end and pivotally open rearwardly. 
AS Such, a relatively large deployment force is required to 
move conventional speed brake panels into the air stream 
against the drag load. Usually, a fluid actuator of considerable 
capacity is used for this purpose. It will be appreciated that 
this type of operating system is inherently heavy and adds 
undesirable weight to the aircraft. 

Accordingly, there is a need in the art for an aerodynamic 
speed brake for an aircraft that requires relatively small forces 
to deploy and retract, and that reduces the loads applied to the 
fuselage. 

SUMMARY 

In accordance with the present invention, there is provided 
an improved dynamic speed brake arrangement that requires 
significantly less operating force for deployment, and thus 
reduces power requirements, weight, and stress loads as com 
pared with known speed brake mechanisms. 

According to one embodiment, the device includes a pair 
of speed brake panels mounted on opposite sides of a portion 
of the aircraft, Such as the fuselage. The panels are normally 
located in a retracted position and are formed to match the 
shape of adjacent portions of the aircraft. When activated, the 
panels Swing outwardly to deployed positions in which they 
extend into the air stream and increase aerodynamic drag. 

According to one embodiment, the operating mechanism 
for deploying and retracting the brake panels includes a linear 
actuator secured to the frame of the fuselage and an operating 
head that is moved by the actuator in a linear path generally 
parallel to the axis of the fuselage. The brake panels are 
operatively connected to the operating head so that as the 
actuating head is moved linearly from a downstream rest 
position to an upstream actuating position, the panels Swing 
outwardly in opposite directions to their respective extended 
or deployed positions. 

Deployment and retraction of the brake panels in response 
to linear movement of the operating head is achieved by 
operation of a pair of toggle assemblies. Each toggle assem 
bly includes a control link pivotally connected at one end to a 
fixed Support bracket and a carrier link pivotally connected 
between the other end of the control link and the operating 
head. Thus, linear forward movement of the operating head 
causes the toggle assemblies to retract so as to expand out 
wardly in opposite directions and move the panels toward an 
outward, deployed position. The aft portion of the fuselage is 
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2 
provided with a pair of openings on opposite sides. Portions 
of the toggle assemblies project through the openings during 
deployment of the panels. 

In further accordance with the present invention, the 
lengths of the toggle assembly links, and the positions of the 
connections to the brake panel and the Support structure rela 
tive to the aerodynamic center of the brake panels are selected 
So as to minimize a force required to deploy and retract the 
brake panels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and further features of the invention will be apparent 
with reference to the following figures, wherein: 

FIG. 1 is a plan view of a twin-engine jet aircraft having a 
speed brake arrangement embodying the invention and show 
ing the speed brake panels in their deployed positions. 

FIG. 2 is a side elevation of the aircraft of FIG. 1 showing 
the port side speed brake panel in its retracted position. 

FIG. 3A is a fragmentary perspective view of the aft por 
tion of the fuselage of the aircraft of FIGS. 1 and 2 with parts 
broken away for the purpose of illustration and showing the 
port side speed brake panel in its deployed position. 

FIG. 3B is a front view of the aft fuselage portion of FIG. 
3A showing a connection between a cylinder, a mounting 
member, and a control link. 

FIG. 4 is a fragmentary plan view of the aft fuselage portion 
of the aircraft of FIGS. 1, 2, 3A and 3B with parts broken 
away and illustrating a speed brake operating mechanism 
according to an exemplary embodiment of the invention with 
the speed brake panels in their retracted positions. 
FIGS.5A, 5B, and 5C are sequential plan views of the aft 

portion of the fuselage of the aircraft of the preceding views, 
illustrating the movement of the speed brake panels (and the 
operating mechanism) from a retracted position to an inter 
mediate, or partially deployed position, and then to a fully 
deployed position. 

FIG. 6 schematically illustrates an aircraft with a speed 
brake according to another exemplary embodiment disposed 
on a tail cone thereof. 

FIG. 7 schematically illustrates an aircraft wing according 
to another exemplary embodiment with a speed brake 
received therein. 

DETAILED DESCRIPTION 

Referring more particularly to the drawings and initially to 
FIGS. 1 and 2, there is shown a twin engine jet aircraft 10 of 
the type designed to carry four or five passengers in addition 
to a crew of two. The aircraft has a fuselage 11 and a conven 
tional empennage 12. 

In accordance with an exemplary embodiment of the inven 
tion, two speed brake panels 13, 14 are provided on opposite 
sides of the aft portion of the fuselage 11 below the empen 
nage 12. The panels are adapted to Swing outwardly from a 
retracted or normal position shown in FIGS. 2, 4, and 5A, to 
partially or fully deployed positions shown in FIGS. 1, 3, 5B, 
and 5C. 

In their retracted positions, the brake panels 13, 14, con 
form generally to the shape of the adjacent portions of the 
fuselage 11 so that the streamlined shape of the aircraft 10 is 
not interrupted. When the brake panels 13, 14 are partially or 
fully deployed they project outward into the air stream to 
produce additional aerodynamic drag and reduce airspeed. 

Openings 15, 16 are formed in the aft portion of the fuse 
lage on opposite sides as shown in FIGS. 3A and 4. The 
openings 15, 16 are covered by the respective brake panels 13, 
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14 when in their retracted positions and are exposed when the 
panels 13, 14 are deployed to permit the operating mechanism 
to extend outwardly through the openings 15, 16 as shown in 
FIGS. 5B and 5C. During deployment, the upstream end 
portions of the brake panels 13, 14 swing outward and the 
downstream ends move upstream and somewhat inward 
through the openings 15, 16. 
A frame of the fuselage has a ring-shaped structural mem 

ber 17 near the aft portion thereof. A vertically oriented 
bracket 18 is secured to the member 17 to provide a support 
for a control mechanism that operates the brake panels 13, 14. 
The orientation and structural features of the illustrated 
bracket 18 and structural member 17 are normally specific to 
the particular aircraft, and should not be considered as limit 
ing the scope of the present invention, as various alternative 
Support configurations are contemplated and considered to be 
functional alternatives. 
The control mechanism includes a linear actuator 20 with a 

fluid cylinder 21 and a piston 25. The cylinder 21 has a 
mounting member 22 at its rearward or downstream end that 
serves to simultaneously connect the cylinder 21 and a control 
link31, 41 of a pair of toggle assemblies 30, 40, respectively, 
to the bracket 18. Attaching the cylinder 21 and toggle assem 
blies 30, 40 to the bracket 18 via a single mounting member 
22 saves space and reduces weight. The mounting member 22 
has a pair of ears 22a that extend laterally, with each of the 
ears 22a defining journals that form part of a pair of fixed 
hinge joints 23, 24. 

The piston 25 includes a piston rod 26 and the operating 
head 27, with the operating head being disposed at a distal or 
free end of the piston rod 26, as shown in FIG. 4. The oper 
ating head 27 has a pair of journals on opposite sides that form 
part of a pair of hinge joints 28, 29 that move with the piston 
head 27 during linear movement of the piston head 27. 

The first and second toggle assemblies 30, 40, best shown 
in FIG. 4, that are interconnected in opposed relation so as to 
extend in opposite directions in response to linear movement 
of the piston 25 and the associated operating head 27. 

In addition to the control link31, the first toggle assembly 
30 also includes a carrier link33. A first end of the control link 
31 is pivotally connected to the mounting member 22 at the 
fixed hinge joint 23. A second or opposite end of the control 
link 31 is pivotally connected to the carrier link 33 at a pivot 
joint 35. A rearward end of the carrier link 33 is pivotally 
connected to the operating head 27 at the movable hinge joint 
28. 
The second toggle assembly 40 is essentially identical to 

the first toggle assembly 30 but is mounted in reverse orien 
tation, as shown in FIG. 4. The second toggle assembly 40 
includes a carrier link 43 in addition to the control link 41. A 
first end of the control link 41 is pivotally connected to the 
mounting member 22 at the fixed hinge joint 24. A second or 
opposite end of the control link 41 is pivotally connected to 
the carrier link 43 at a pivot joint 45. A rearward end of the 
carrier link 43 is pivotally connected to the operating head 27 
at the movable hinge joint 29. 

It will be appreciated that the carrier link33, 43 is fixed to, 
or integrated with, an inner Surface of the associated brake 
panel 13, 14. As such, the carrier link33, 43 may be integrally 
formed with the panel 13, 14, or may be separately formed 
and secured to the panel 13, 14 to form an integral structure. 
The lengths of the control links 31, 41 and the carrier links 

33,43, and the position of the aerodynamic center AC on the 
brake panel 13, 14 is important for proper operation of the 
toggle assembly 30, 40, as will be described in detail herein 
after, and greatly reduces the force required to deploy and 
retract the panels 13, 14. 
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4 
The brake panels 13, 14 are mounted on respective carrier 

links 33,43 as best shown in FIGS. 3A-5C, so that when the 
operating head 27 is in its fully extended downstream posi 
tion, as shown in FIGS. 4 and 5A, the toggle assemblies 30, 40 
are extended and the brake panels 13, 14 are in their retracted 
positions So as to generally conform to the streamlined shape 
of the aft portion of the fuselage 11. As the piston 25 and 
piston rod 26 start to retract (move linearly forwardly), the 
operating head 27 moves correspondingly and causes the 
toggle assemblies 30, 40 to retract and project outwardly. This 
causes the brake panels 13, 14 to swing outwardly with their 
respective carrier links 33,43, such that the pivot joints 35, 45 
move outwardly through the openings 15, 16. 
The panels 13, 14 may be deployed to any desired exten 

sion up to the maximum deployment shown in FIG. 5C. 
During the deployment of the panels 13, 14, the outer or 
upstream ends of the panels 13, 14 and carrier links 33, 43. 
move outwardly through the openings 15, 16 while the down 
stream end portions of the panels 13, 14 move somewhat 
inwardly through the openings 15, 16, as shown in FIGS.3, 5b 
and 5c. 
The lengths of the links 31, 33:41, 43 and the hinge joints 

and pivot joints 23, 24; 28, 29:35, 45 defining connection 
points between the links, the operating head 27, and the 
Support bracket and mounting structure 18, 22 are specially 
chosen so as to reduce the force required to move the panels 
13, 14 between the deployed and retracted positions. More 
particularly, the panel 13, 14 has an aerodynamic center AC, 
which is known in the art and defines a location at which 
aerodynamic forces applied to the panel 13, 14 during normal 
operating conditions are balanced. 
The position of the aerodynamic center AC is experimen 

tally determined, and can be adjusted by altering the size and 
shape of the panel 13, 14. Therefore, in accordance with the 
present invention, the aerodynamic center AC is advanta 
geously positioned so as to be at the intersection of a line that 
is a forward projection of the carrier link33. 43 and a line that 
extends through the fixed hinge joint 23, 24 of the control link 
31, 41 perpendicular to the actuator axis L. Further, the length 
of the carrier link 33, 43 (i.e., the distance between the pivot 
joint 35, 45 and the hinge joint 28, 29) is equal to the distance 
from the fixed hinge joint 23, 24 to the aerodynamic center 
AC, and is also equal to the distance between the fixed hinge 
joint 23, 24 and the pivot joint 35, 45 (i.e., the length of the 
control link 31, 41), and is further equal to the distance from 
the pivot joint 35, 45 to the aerodynamic center AC. By using 
these physical parameters, the aerodynamic center AC of the 
panels 13, 14 can be properly positioned so as to minimize the 
force required to deploy and retract the panels 13, 14, as 
described hereinafter. 
When the piston 25 is retracted to move forwardly, the 

panel 13, 14 opens such that the aerodynamic center AC 
moves away from the axis L in a direction (arrow B) that is 
perpendicular to the piston motion (arrow A). Likewise, as the 
piston 25 is extended to move rearwardly, the aerodynamic 
center AC of the panel 13, 14 moves toward the axis L in a 
direction (arrow D) that is perpendicular to piston motion 
(arrow C). 

In either case, since the movement of the panel aerody 
namic center AC is perpendicular to the movement of the 
piston 25, the panels 13, 14 move with virtually no load on the 
piston 25. In other words, the panel movement exerts no load 
on the fluid cylinder 21. In this regard, it is “virtually no load” 
(ideally loadless), but it is noted that mechanical losses, load 
imbalances as a result of non-ideal air flow, and friction may 
exert forces that must be overcome, so in practice there is 
Some Small resistance to panel movement that must be over 
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come by the fluid cylinder. Nevertheless, the load is very 
Small, and instead of a hydraulic cylinder or, alternatively an 
electric drive motor, it is contemplated that the panels 13, 14 
could be opened with mechanical linkages, such as push/pull 
rods and cables that are well known in the art and conven 
tionally used to move ailerons, elevators, and rudders. Thus, 
the linear actuator of the present invention is intended to 
encompass all devices known presently or later developed 
that could be used to move the operating headlinearly within 
the fuselage 11 to open and close the speed brake panels 13, 
14. 

It will be appreciated by those skilled in the art that a 
reduction of the force required to deploy and retract the panels 
13, 14 is a great improvement in the art. It is further noted that 
those skilled in the art will recognize that the present inven 
tion is not limited to speed brakes disposed in the illustrated 
position on an aircraft. Rather, the present structure is ame 
nable to various modifications. For example, with reference 
to FIG. 6, a similar speed brake arrangement 105 is shown on 
a tail cone 12a of an aircraft 10'. Further, and with reference 
to FIG. 7, a similar speed brake arrangement 105a is shown 
disposed on an aircraft wing 110. It is further noted that the 
speed brake arrangement could be disposed on or about a nose 
cone of an aircraft. 

Thus, while the invention has been shown and described 
with respect to a specific embodiment thereof, this is intended 
for the purpose of illustration rather than limitation and other 
variations and modifications will be apparent to those skilled 
in the art, all within the intended spirit and scope of the 
invention. Accordingly, the patent is not to be limited in scope 
and effect to the specific device herein shown and described 
nor in any other way that is inconsistent with the spirit and 
Scope of the invention. 

What is claimed is: 
1. A speed brake apparatus for reducing the airspeed of an 

aircraft by increasing aerodynamic drag, comprising: 
an operating head adapted for linear movement generally 

parallel to an axis of a fuselage of the aircraft, 
a pair of brake panels mounted on opposites sides of por 

tion of the aircraft, the panels being operatively associ 
ated with the operating head so as to Swing outwardly in 
opposite directions generally about their downstream 
end portions, between a retracted position, to a deployed 
position in which the panels project outward into the air 
stream, and 

a toggle mechanism associated with each brake panel and 
operatively connecting the associated brake panel to the 
operating head and a Support structure such that linear 
movement of the operating head causes the panels to 
move between the retracted and deployed positions, said 
toggle mechanism including a control link and a carrier 
link, said control link being pivotally attached, at one 
end, to said Support structure at a fixed joint and, at the 
other end, being pivotally secured to a first end of the 
carrier link at a pivot joint, said carrier link having a 
second end connected to the operating head at a hinge 
joint, wherein a first distance, extending from the fixed 
joint to the pivot joint, is generally equal to a second 
distance, extending from the pivot joint to the hinge 
joint, wherein the panel has an aerodynamic center, and 
wherein the aerodynamic center is disposed at an inter 
section of a line that is an extension of the carrier link and 
a line that extends through the fixed joint and perpen 
dicular to the axis. 

2. The speed brake apparatus as defined in claim 1, wherein 
each brake panel is mounted on one of the carrier links. 
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6 
3. The speed brake apparatus as defined in claim 1, further 

comprising a linear actuator that is operatively coupled to the 
operating head and adapted to move the operating head lin 
early back and forth along the axis of the fuselage. 

4. The speed brake as defined in claim3, wherein the linear 
actuator includes a cylinder and piston, said cylinder being 
attached to the Support structure and said piston including a 
piston rod, and wherein the operating head is at a free end of 
the piston rod. 

5. The speed brake apparatus as defined in claim 1, wherein 
each brake panel is mounted on one of the carrier links. 

6. The speed brake apparatus as defined in claim 1, wherein 
a third distance, extending from the pivot joint to the aerody 
namic center of the panel, is generally equal to the first and 
second distances. 

7. A speed brake apparatus for reducing the airspeed of an 
aircraft by increasing aerodynamic drag, comprising: 

an operating head located in the aircraft and adapted to 
move in a linear path, 

a pair of toggle assemblies, each toggle assembly includ 
1ng: 
a control link pivotally connected at one end to a Sup 

porting structure at a fixed joint, and 
a carrier link pivotally connected between the other end 

of the control linkage and the operating head, 
wherein the operating head has a rest position in which the 

links are relatively away from one another, and an actu 
ated position in which the links are retracted toward one 
another, 

a linear actuator mounted adjacent the Support structure 
and operatively connected to the operating head for 
moving the operating headlinearly along an axis, and 

a pair of brake panels, each being mounted on a respective 
carrier link so as to Swing between retracted positions in 
which the panels generally conform to a shape of adja 
cent portions of the aircraft and deployed positions in 
which the panels extend outwardly into the air stream to 
produce aerodynamic drag, wherein each of the panels 
has an aerodynamic center, and wherein the aerody 
namic center is disposed at an intersection of a line that 
is an extension of the carrier link and a line that extends 
through the fixed joint and perpendicular to the axis. 

8. The speed brake apparatus as defined in claim 7, wherein 
each control link has a first length and each carrier link has a 
second length, and wherein the first and second lengths are 
generally equal to one another. 

9. The speed brake apparatus as defined in claim8, wherein 
a third length, extending from an end of the carrier link to the 
aerodynamic center of the panel, is generally equal to the first 
and second lengths. 

10. The speed brake apparatus as defined in claim 9. 
wherein as each of the panels is moved between the deployed 
and retracted positions, the aerodynamic center moves in a 
direction that is perpendicular to the axis. 

11. The speed brake apparatus as defined in claim 10, 
wherein movement of each of the panels occurs without any 
load being placed on the linear actuator. 

12. The speed brake apparatus as defined in claim 11, 
wherein the linear actuator is a hydraulic cylinder, and 
wherein the operating head is disposed on a piston rod that 
projects from the cylinder. 

13. A speed brake apparatus for reducing the airspeed of an 
aircraft by increasing aerodynamic drag, comprising: 

an operating head adapted for linear movement generally 
parallel to an axis of a fuselage of the aircraft, 

a pair of brake panels mounted on opposites sides of por 
tion of the aircraft, the panels being operatively associ 
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ated with the operating head so as to Swing outwardly in 
opposite directions generally about their downstream 
end portions, between a retracted position, to a deployed 
position in which the panels project outward, each panel 
having an aerodynamic center, 

a Support structure fixed to the fuselage, 
control links associated with the brake panels, each control 

link being pivotally attached to the Support structure at a 
fixed joint, and 

carrier links associated with the brake panels, each control 
link being pivotally secured to a respective control link 
at a pivot joint and to the operating head at a hinge joint, 

wherein the aerodynamic center for each panel is disposed 
at an intersection of a line that is an extension of the 
carrier link that is associated with the respective panel 
and a line that extends through the fixed joint and per 
pendicular to the axis. 

8 
14. The speed brake apparatus of claim 13, wherein each 

carrier link is fixed to or integrated with an inner surface of the 
panel. 

15. The speed brake apparatus of claim 13, wherein each 
brake panel is mounted on one of the carrier links. 

16. The speed brake apparatus of claim 13, wherein a 
distance along a respective control link from the fixed joint to 
the pivot joint is generally equal to a distance from the pivot 
joint to the aerodynamic center of the panel associated with 

10 the respective control link. 
17. The speed brake apparatus of claim 13, wherein a 

distance along a respective carrier link from the pivot joint to 
the hinge joint is generally equal to a distance from the pivot 
joint to the aerodynamic center of the panel associated with 

15 the respective carrier link. 
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